SUMMARY Thirty-three strains of bacteria (30 Enterobacteriaceae and one strain each of Aeromonas formicans, A. hydrophila, and Plesiomonas shigelloides) were tested three times in each of 27 conventional tests and in the API, Enterotube, and Pathotec systems. The results obtained were analysed for test reproducibility within each kit, correlation of the kit tests with the equivalent conventional media, and the identification of the strains by the kits. Difficulties in evaluation and comparison of identifications are discussed. A practical evaluation of the kits was also made.
Several commercially produced kit systems now available for the identification of Enterobacteriaceae have been studied both for correlation of kit test results with the corresponding conventional test results and for success in identification of strains. When the laboratory work for the present study was carried out (in January 1975) only three kits appeared to be used relatively widely in the United Kingdomthe API (20E), Enterotube, and Pathotec systems. Of these three kit systems, the API and Enterotube have been compared with each other and with conventional media by Bisgaard et al. (1974) , by Willis and Cook (1975) , and by Hayek and Willis (1976) . Nord et al. (1974) compared the API, Enterotube, Pathotec, Auxo Tab, and R/B kits with each other and with conventional media, while Smith (1975) compared the API, Enterotube, and Minitek kits with each other and with conventional media. Moussa (1975) compared the API, Enterotube, and Pathotec systems with each other and with conventional media.
The results of microbiological tests are not completely reproducible even when carefully repeated in a single laboratory (Sneath and Johnson, 1972; Snell and Lapage, 1973; Sneath, 1974) . The variation is greater for the results obtained on the same strains in different laboratories because of differences in media and methods for nominally the same tests . Commercially produced kit systems, each quality-controlled at a central source, should show improved reproducibility between laboratories which should approach the reproReceived for publication 12 July 1976 ducibility within laboratories. The reproducibility of test results of kit systems has, however, been examined by few investigators. Brooks et al. (1974) examined 15 known strains of Enterobacteriaceae, each five times in the API system. Each test was therefore performed 75 times and the reliability of correct results ranged from 71/75 to 75/75 with an average of 97 7 %. An extensive investigation of test reproducibility in the API 20E system was carried out by Butler et al. (1975) . In phase I of their study 110 strains were each tested twice. Of 2200 (20 x 110) pairs of test results, 85 (3 9 %) were in disagreement. The test showing lowest reproducibility was citrate utilisation with 89% reproducibility, that is, 12 disagreements in 110 pairs of test results. Reproducibility of tests in the Enterotube system does not appear to have been studied, but Cameron (1974) tested a single Klebsiella isolate 12 times in the Pathotec system and obtained entirely consistent test results. The best way of comparing the results of different studies of test reproducibility is to express them in terms of the estimated probabilities of erroneous test results (Sneath and Johnson, 1972) . Within one laboratory the average probability of errors for conventional biochemical tests is typically 2-4% with probabilities as high as 12% for some tests; the probability of errors between laboratories for such tests is typically 6-10% on average with probabilities of 20-30% for some tests Sneath, 1974 ). The results of Butler et al. (1975) (triple sugar iron agar; Oxoid), urease production (method 1), production of phenylpyruvic acid (PPA test; method 1; 2 days; L-phenylalanine 1-0 g in place of DL-phenylalanine 2-0 g), indole production (method 2; 2 days), acetoin production (V-P test; method 2; 2 days), gelatin liquefaction (method 2), acid and gas from carbohydrates (Andrade's indicator; final concentration of all carbohydrates 0 5 g/100 ml), nitrate reduction (method 1; tested with reagents of Crosby, 1967) , cytochrome oxidase production (method 1; 1 day), malonate utilisation (method 1; 2 days), and aesculin hydrolysis (agar method).
REPRODUCIBILITY OF THE TESTS
Three investigators separately tested each strain in each test kit so that each test on each strain was carried out three times. As the results were being recorded, all three sets of tests on each strain were compared so that differences in test results were not due to differences in interpretation by the three investigators but were due to actual differences in the colours of the reactions. Difficulties in interpretation of colour reactions were few in the API and Pathotec systems. For the Enterotube system, however, a colour chart was provided which was sometimes misleading. Lysine and omithine, for example, when positive never gave the deep purple colour shown on the chart; however, in this study even if the medium turned only slightly purple it was considered positive. In the Enterotube system the phenylalanine deamination (PPA) test medium, which initially is green in colour, is expected to go a darker green in the case of a weak positive reaction and to a dark brown or black colour for a strongly positive reaction. Strains expected to give a positive result in this test did develop the dark brown or black colour of a strongly positive reaction. In most of the other strains, however, for which a negative result was expected, the darker green colour of a weak positive reaction in the PPA test was observed. This colour was therefore ignored and considered negative in all comparisons and identifications. As far as could be determined, all the kits and conventional media used in this study were manufactured from single batches. A convenient way of expressing test reproducibility is the probability of erroneous test results (Sneath and Johnson, 1972) . In the present study each test was repeated three times, and for simplicity in presentation and for testing the significance of the results it is assumed that if the three results were consistent (+ + + or ---) then all three results were correct, and if the results were inconsistent (eg, + + -or --+) the single minority result was an error. For the results of three replicate tests presented in this way an estimate of the probability of an erroneous test result, which is not biased by these assumptions, is given by C,
where E is the number of errors observed, N is the total number of test results, and C is termed the corrected error rate. This formula is obtained from formulae (4) and (14) of Sneath and Johnson (1972 differed with the entries for the taxon in just one instance in which the result was + and the entry + or the result -and the entry ±. Any taxa matched by the results in this way were taken as identifications by the Pathotec scheme. For strains giving other patterns of results in the oxidase and nitrate tests the identification indicated by the flowchart was taken. For some identifications in the API, Enterotube, and Pathotec systems additional conventional tests as well as serological investigations may be required to further or confirm the identification. The additional tests were not carried out in this study; if the system indicated the correct taxon as one of the possible identities this was counted as a correct identification. If serological investigation would have prevented a misidentification then that pattern of results was counted as not identified.
Since the 30 strains of enterobacteria tested gave inconsistent results in certain tests in the three kit systems, each pattern obtained was considered separately for identification; identification was thus based on 90 patterns for each system.
Results

REPRODUCIBILITY OF THE TESTS
The number of errors in reproducibility of the tests within systems is given in Table 3 . The difference in the proportion of errors between the three kit systems was not significant (X2 test, P > 0-1). The kit systems taken together had a significantly higher proportion of errors than the conventional tests (X2 test, P < 0 005).
Individual tests showing poor reproducibility are given in 18 % (6 %-37 %)
Arginine-API 33 6
18 % (6 %/7-37 %) 'Other tests gave 0 to 4 disagreements in 33 results 295 % confidence intervals are shown for rates of disagreement There was no significant difference in test reproducibility between the API, Enterotube, and Pathotec systems. The reproducibility of the kit tests taken together was significantly worse than that of the conventional media used in this study but the estimated probability of erroneous test results for kit tests of 1-7% is still low in comparison with the probabilities of 2-4% found in other studies using conventional tests (see Introduction). The probability of errors for the conventional tests in this study (08%) is particularly low, probably because they are well-established tests in routine use in our laboratory. The overall rate of disagreement between kit tests and conventional tests of 7% is within the typical range of between-laboratory probability of errors for conventional tests of 6100% (see Introduction) .
In drawing conclusions of practical importance from the overall identification rates it must be remembered that in different applications of the systems the frequency of occurrence of the various taxa in the material examined will vary widely, and our results are therefore not directly comparable with those results likely to be obtained in the routine diagnostic laboratory. The results presented here suggest that the identification scheme of the Enterotube system is too lenient in comparison with the other systems as, although it identified a high proportion of the strains, the proportion of incorrect identifications was also high. Identification rates by kit systems are difficult to compare as the level of identification varies between kits. Also, identification is achieved by different numbers of tests on each strain in the API, Enterotube, and Pathotec systems as all three systems may require additional conventional tests to further or confirm the identification.
Our results for reproducibility and agreement with conventional methods are in a similar range to those of Nord et al. (1974) , Butler et al. (1975) , and Moussa (1975) although the latter author found that some tests in the API and Pathotec systems showed more disagreement with conventional methods than we found (eg, API citrate 54-3y% disagreement with conventional, Pathotec lysine 61-9y% disagreement with conventional, while the corresponding figures for these two tests in our study were 6 % and 9 % respectively). Our estimated probability of erroneous test results for all the API 20E tests is 1 6 % and for the API citrate test is 5 % (Table 4) , in good agreement with the corresponding figures of 2% and 6 % respectively determined from the results of Butler et al. (1975) . The latter authors attempted to determine possible reasons for lack of reproducibility in their repeated testing of strains in the API 20E system. We did not attempt this but can exclude observer interpretation (as all tests for which discrepant results were recorded were checked for differences in colour), incubation time (since this was kept constant), and batch variation (as all the kits and conventional media came, as far as we could tell, from single batches); one possible reason is size of inoculum which we did not standardise. Moussa (1975) did not include identification rates for his strains but those of Nord et al. (1974) , Smith (1975) , and Hayek and Willis (1976) were higher than ours for each kit, possibly because these authors examined strains from a smaller range of taxa compared with the 30 used in this study. The routine diagnostic laboratory would expect that the majority of its strains would be drawn from a smaller range of taxa than those used in this study, which included rare taxa, and so higher identification rates were found by Nord et al. (1974) , Smith (1975) , and Hayek and Willis (1976) who carried out their tests in routine dignostic laboratories. Nord et al. (1974) found that Enterotube gave the highest identification rate of any of the kit systems they examined but they did not discuss the misidentification rates. In our study the API system achieved the highest identificationratewhen used in conjunction with a computerassisted identification scheme; this illustrates the value of computers in identification (Table 7) . No doubt other kit system manufacturers will develop their own computer-assisted identification schemes which will hopefully allow an increase in the identification rate and a reduction of any misidentification rate. In addition, the API system might be expected to achieve a higher identification and lower misidentification rate as, of the three kits examined here, it has the largest number of tests available for differentiation.
Technically, all the systems had advantages and disadvantages. The Enterotube, for example, was the most speedily inoculated and even a Bunsen burner was not necessary. The API system was also quickly inoculated once a suspension had been made; the Pathotec system was perhaps most timeconsuming as each test strip had to be placed into a separate test-tube containing a suspension of the organism, but a sterile procedure was not required as one was looking for pre-formed enzymes; a dense suspension of the test organism would therefore give best results. If one wished to check the purity of the culture tested this would be a simple procedure with the API and Pathotec systems where a bacterial suspension is used; difficulty would be experienced with the Enterotube, however, due to the inaccessibility of the media compartments.
The Pathotec system had two advantages over the API and Enterotube systems; it could be read after 4 h incubation whereas the other two systems required 18-24 h. Also it is possible to repeat a single test with the Pathotec system whereas repetition of any test in the other two kit systems requires use of the whole kit. Of the three kits, the Pathotec system was perhaps the least safe to use as aerosols could be more readily created than with the other two kits. Hayek and Willis (1976) 
